From high-resolution images of 23 Seyfert-1 galaxies at z=0.36 and z=0.57 obtained with the Near Infrared Camera and Multi-Object Spectrometer on board the Hubble Space Telescope (HST), we determine host-galaxy morphology, nuclear luminosity, total host-galaxy luminosity and spheroid luminosity. Keck spectroscopy is used to estimate black hole mass (M BH ). We study the cosmic evolution of the M BH -spheroid luminosity (L sph ) relation. In combination with our previous work, totaling 40 Seyfert-1 galaxies, the covered range in BH mass is substantially increased, allowing us to determine for the first time intrinsic scatter and correct evolutionary trends for selection effects. We re-analyze archival HST images of 19 local reverberation-mapped active galaxies to match the procedure adopted at intermediate redshift. Correcting spheroid luminosity for passive luminosity evolution and taking into account selection effects, we determine that at fixed present-day V-band spheroid luminosity, M BH /L sph ∝ (1+z) 2.8±1.2 . When including a sample of 44 quasars out to z = 4.5 taken from the literature, with luminosity and BH mass corrected to a self-consistent calibration, we extend the BH mass range to over two orders of magnitude, resulting in M BH /L sph ∝ (1 + z)
INTRODUCTION
Supermassive black holes (BHs) seem to be ubiquitous in the center of spheroids -elliptical galaxies and classical bulges of spirals (e.g., Kormendy & Richstone 1995; Ferrarese & Ford 2005) . In the local Universe, tight empirical relations have been found between the mass of the BH (M BH ) and the properties of the spheroid, i.e. stellar velocity dispersion σ (Ferrarese & Merritt 2000; Gebhardt et al. 2000) , stellar mass (e.g., Marconi & Hunt 2003) , and luminosity (e.g., Häring & Rix 2004) . The tightness of these relaogy, Stanford, CA 94305; rdb@slac.stanford.edu tions is surprising, given the very different scales involved -from accretion onto the BH (µpc scale), the dynamical sphere of influence of the BH (pc scale) to the size of the spheroid (kpc scale) -and poses a challenge to any theoretical model explaining their origin. In general, the correlations are believed to indicate a close connection between galaxy formation and evolution and the growth of the BH. A variety of theoretical models have been developed to explain the observed relations, involving galaxy mergers and nuclear feedback through quenching of star formation (e.g., Kauffmann & Haehnelt 2000; Volonteri et al. 2003; Ciotti & Ostriker 2007; Hopkins et al. 2007; Di Matteo et al. 2008; Hopkins et al. 2009b) .
Measuring the evolution with redshift of these correlations constrains theoretical interpretations and provides important insights into their origin (e.g., Croton 2006; Robertson et al. 2006; Hopkins et al. 2007 ). For quiescent galaxies, the biggest challenge is to measure the BH mass, given the pc-scale sphere of influence of the BH which needs to be resolved spatially through either gas or stellar dynamics (see Gültekin et al. 2009 and Graham 2008 for a recent compilation and references therein; for a review see Ferrarese & Ford 2005 and references therein) or from X-ray spectroscopy probing the existence of a central temperature peak of the interstellar medium (e.g., Brighenti & Mathews 1999; Humphrey & Buote 2006; Humphrey et al. 2008) . With current technology, direct quiescent black hole mass measurements are thus limited to nearby galaxies. For active galaxies, for which nuclear luminosity is comparable to or larger than that of the host galaxy, the situation is virtually the opposite. Estimating BH masses within a factor of 2-3 is fairly straightforward through empirically calibrated relations based on spectroscopic data measuring the kinematics of the broad-line region (BLR) (e.g., Wandel et al. 1999; Woo & Urry 2002; Vestergaard 2002; McGill et al. 2008) . Unfortunately, the active galactic nuclei (AGN) often outshines the host galaxy, making it difficult to disentangle nuclear and host-galaxy light for an accurate measurement of the spheroid luminosity. Also, measuring σ from stellar absorption lines is hampered by the contaminating AGN continuum and emission lines. Different groups have tackled these problems in distinct ways, e.g. by using the [O III] emission line width as surrogate of σ (e.g., Shields et al. 2003) , or by using gravitational lensing to super-resolve the host galaxies of quasars (e.g., Peng et al. 2006a,b) . Our group (Treu et al. 2004; Woo et al. 2006; Treu et al. 2007; Woo et al. 2008 ) has focused on Seyfert-1 galaxies -for which the nucleus is not as bright as for quasars -at moderate redshifts (z = 0.36 and z = 0.57, corresponding to look-back times of ∼4-6 Gyrs). The non-negligible stellar light produces strong enough absorption lines to measure σ from unresolved spectra, as shown by Treu et al. (2004) and Woo et al. (2006 . At the same time, high resolution Hubble Space Telescope (HST) imaging allows for an accurate determination of the AGN luminosity (for an unbiased estimate of nuclear luminosity and hence M BH ) and spheroid luminosity (to create the M BH -L sph relation; Treu et al. 2007 , hereafter Paper II). We are thus able to simultaneously study both the M BH -σ and M BH -L sph relations, allowing us to distinguish mechanisms causing evolution in σ (e.g., dissipational merger events) and L sph (e.g. through passive evolution due to aging of the stellar population, or dissipationless mergers).
Results presented in Paper I, II, and III suggest an offset with respect to the local relationships, which cannot be accounted for by known systematic uncertainties. At a given M BH , in the range 10 8 -10 9 M ⊙ , spheroids had smaller velocity dispersion and spheroid mass 6 Gyrs ago (z ∼ 0.57), consistent with recent growth and evolution of intermediate-mass spheroids. Paper II concludes that the distant spheroids have to grow by ∼60% in stellar mass (∆ log M sph = 0.20 ± 0.14) at fixed black hole mass in the next 4 billion years to obey the local scaling relations if no significant BH growth is assumed, consistent with the relatively low Eddington ratios. Indeed, the HST images reveal a large fraction of merging or interacting systems, suggesting that gas rich mergers will be responsible for the spheroid growth.
Although tantalizing, the results presented in our previous papers suffer from several limitations. Samples were small, and the local comparison sample of Seyferts measured in a self-consistent manner was even smaller than the distant sample, thus contributing substantially to the over-all error budget. The limited range in black hole mass was insufficient to determine independently the offset of the scaling relation and its scatter, while taking into account selection effects. If the M BH -σ and M BH -L sph relations of active galaxies were not as tight as those for quiescent ones, selection effects could be mimicking evolutionary trends Lauer et al. 2007; Peng 2007) .
To overcome these limitations, we have now doubled the sample size (from 20 in Paper II to 40 total here) and expanded the covered range of BH masses to lower masses (from log M BH /M ⊙ = 8 − 8.8 in Paper II to log M BH /M ⊙ = 7.5 − 8.8 here). We focus on the resulting BH mass -spheroid luminosity relation. The BH mass -σ relation will be presented in a separate paper (Woo et al. 2009, in preparation) . We also analyze archival HST images of the sample of local Seyferts with reverberation-mapped (RM) M BH in the same way as our intermediate-z objects, to eliminate possible systematic offsets. Finally, we combine our results with data compiled from the literature and treated in a self-consistent manner to extend the redshift range over which we study evolution. For conciseness the three samples will be referred to as "intermediate-redshift" sample, "local" sample, and "high-redshift" sample, respectively.
The paper is organized as follows. We summarize the properties of our intermediate-redshift Seyfert sample, observations, data reduction, and analysis in § 2, 3, and 4. § 5 summarizes the derived quantities, including the derivation of M BH from Keck spectra. In § 6, we describe the local comparison sample consisting of reverberationmapped AGNs, re-analyzed here, as well as the high-redshift comparison sample taken from the literature, calibrated for consistency with the other samples. We present our results in § 7, including host-galaxy morphology and merger rates, the evolution of the M BH -L sph relation, a full discussion and treatment of selection effects, and a relation between BH mass and host-galaxy luminosity. We discuss the possible implications of our findings for the origin and evolution of the BH mass scaling relation in § 8. A summary is given in § 9. In Appendix A, we describe Monte Carlo simulations used to probe our analysis and determine errors. Appendix B discusses the choice of the Sérsic index in the adapted 2D surface-brightness fitting procedure. Details on the re-analysis of the HST images of the local RM AGNs are given in Appendix C. Throughout the paper, we assume a Hubble constant of H 0 = 70 km s −1 Mpc −1 , Ω Λ = 0.7 and Ω M = 0.3. Magnitudes are given in the AB system (Oke 1974) .
SAMPLE SELECTION
The selection of the sample of intermediateredshift Seyfert-1 galaxies is similar to the one in Paper I, II, and III, with the goal to extend the sample to (a) lower BH masses at z ≃ 0.36 and (b) higher redshifts of z ≃ 0.57. We here briefly summarize the procedure. All objects were selected from the Sloan Digital Sky Survey Data Release 7 (SDSS DR7) archive according to the following criteria: (1) redshift in either the 0.35 < z < 0.37 bin or the 0.56 < z < 0.58 bin, (2) Hβ equivalent width and Gaussian width > 5Å in the rest frame. Objects with z ≃ 0.36 were selected to extend the BH mass scaling relations presented in Paper I, II, and III to the low-mass range. They meet the additional criterion (3) M BH 10 8 M ⊙ as determined from the width of the Hβ line and the λL 5100 luminosity measured from the SDSS spectra and assuming the calibration given by McGill et al. (2008) .
For two objects in Paper II (0107 and 1015) the ACS images revealed dust lanes. Thus, Near Infrared Camera and Multi-Object Spectrometer (NICMOS) images were additionally obtained to correct for extinction. Table 1 summarizes the sample properties of all 23 objects.
OBSERVATIONS AND DATA RE-DUCTION
The sample was observed using the NIC2 camera and the broad filter F110W (∼ J-band) of NICMOS on board HST. The 17 objects at z = 0.36 were observed for a total exposure time of 2560 seconds per object (11 as part of GO 11208, PI Woo; 6 as part of GO 11341, PI Gallagher); the 6 objects at z = 0.57 were observed for a total exposure time of 5120 seconds per object (GO 11208; PI Treu). Four separate exposures were obtained per object, dithering by semi-integer pixel offsets to recover resolution lost to under-sampling and to improve cosmic-ray and defect removal.
The individual exposures were first processed with the NICMOS CALNICA pipeline (Version 4.4.0), and then dither-combined using a custommade pipeline written in IRAF 1 /STSDAS dither package (Version 3.4.2). The pipeline relies on the package drizzle and takes care of aligning the images, removing sky background, correcting for the pedestal effect (the variable quadrant bias present in NICMOS images) using "pedsky" 2 , and the NICMOS non-linearity using "rnlincor", identifying and removing cosmic rays and defect pixels and finally drizzling all input images together. For our final drizzle iteration we chose a drizzle.pixfrac parameter of 0.9 and a drizzle.scale parameter of 0.5, which resulted in a final scale of 0.038 arcsec/pixel. In Figure 1 , postage stamp images of all 23 objects are shown. (We refer the reader to Paper II for the ACS images of those 2 objects in our sample, 0107 and 1015, for which we have both ACS and NICMOS images.)
SURFACE PHOTOMETRY
To decompose nuclear and host-galaxy light (spheroid and potentially bar or disk), we used GALFIT, a 2D galaxy fitting program that can simultaneously fit one or more objects in an image choosing from a library of functional forms (e.g., Sérsic 1968; de Vaucouleurs 1948, exponential, etc.) (Peng et al. 2002) . Decomposition of complex images in multiple components is a difficult statistical challenge due the degeneracies involved, and the highly non-linear dependency of the likelihood on a large number of parameters. To deal with this problem, we develop a methodology based on physical assumptions to reduce the number of free parameters and extensive trial and error exploration of the multidimensional space to avoid local minima of the posterior probability. This section describes our fitting procedure in detail.
PSF & Noise Image
For convolution with the point-spread function (PSF) of the HST NICMOS optics, and to fit the central point source of the AGN, we created PSFs using TinyTim (Version 6.3). Compared to other cameras onboard HST, TinyTim produces fairly good PSFs for NICMOS (and especially NIC2) because the PSF is less sensitive to aberrations in the infrared (Krist & Hook 2004) ; generally, TinyTim PSFs are considered an adequate alternative when well-matched stellar PSFs are not available (Kim et al. 2008) .
To minimize PSF mismatch due to spatial distortion, we simulated PSFs at the location of the objects. We created a library of 17 PSFs using a wide range of different stellar templates (F6V to K7V) and power-law functions (F λ ∝ λ ǫ with ǫ = −3 to ǫ = 0.5 in increments of 0.5) at the four different chip positions of the individual exposures of the science targets. These four images were then dither-combined using the same procedure as for the science targets. To account for breathing, we additionally created PSF models for the above range with focus values of ±5 µm around the nominal focus (Rhodes et al. 2007) .
We created noise images by dither-combining the necessary extension files provided in the image block (the output of the CALNICA pipeline; see NICMOS data handbook Version 7.0) in the same way as the associated science image.
Fitting Procedure & Uncertainties
For each object, we assumed the following AGN/host galaxy fitting procedure using GAL-FIT.
3 We first fitted the central AGN component with a PSF, and thus determined the center of the system, which was subsequently assumed to be common to all components and fixed. We then modeled the spheroid component with a de Vaucouleurs (1948) profile. We carefully checked the images and the residuals for evidence of a disk component and added an exponential disk if required by the images, residuals, and the χ 2 statistics. The same approach was used to determine the need for an additional bar component, but unlike in Paper II (where seven out of 17 objects required the fitting of a bar), we did not find evidence for a bar in any of the objects in our sample. Neighboring objects were fitted simultaneously. Note that the sky was determined independently and subtracted out during pipeline reduction (see above) which is preferable when using GALFIT, as the sky background is not only degenerate with the extended wing of the galaxy, but it might also be used by GALFIT to compensate a mismatch between intrinsic and fitted galaxy profile (Peng et al. 2002; Kim et al. 2008) .
To ensure that the best resulting fit indeed corresponds to the true global minimum of the χ 2 over the parameter space, we performed a careful inter-comparison between different fits with a variety of initial parameters and combinations of components. Finally, each galaxy was fitted with all PSFs in the library to find the best-fitting PSF and thus, the best-fitting parameters, and to estimate uncertainties due to PSF mismatch. The differences in derived spheroid and PSF magnitudes using different PSFs in our library are small (≤ 0.05 mag) and negligible compared to other systematic errors. To understand these systemic errors, we simulated artificial images spanning the same parameter space as our objects and tested how reliably GALFIT can retrieve the different components (see Appendix A). We use the results to estimate our uncertainties and adopt a conservative total uncertainty on the spheroid luminosity of 0.5 mag (i.e., 0.2 dex). The AGN luminosity is uncertain to within 0.2 mag. The dominating error when constructing the BH mass -spheroid luminosity relation is the uncertainty of BH masses from single-epoch measurements, ∼0.4 dex.
A PSF+spheroid decomposition gives a satisfactory fit to the host galaxies of ten out of the 23 objects (see Table 2 ). The remaining 13 objects show evidence for a disk component in both the residual image and in the χ 2 statistics and thus, an additional exponential disk component was added. However, in ten of the 13 objects, the addition of a disk component results in a vanishingly small spheroidal component. In these cases, we fixed the spheroidal half-light radius to the minimum resolvable size of 2.5 pixels (∼0.1 ′′ ), as determined by simulations, and consider the measured spheroid luminosity an upper limit. For one object (1501), even fitting a single spheroid component had the same effect.
4 Below, we discuss how we combined these upper limits with informative priors on the spheroid-to-total luminosity ratio for galaxies to estimate spheroid luminosities.
Note that compared to the ACS images studied in Paper II, NICMOS images are less sensitive to a potential disk component, dominated by young, blue stars. 5 We cannot exclude to have missed a disk component in some of the objects for which we only fit a spheroidal component. However, this is a conservative approach, i.e. reducing any potential offset in the M BH -L sph relation. This is true in general for our procedure: We only fit a two component model consisting of disk+bulge, if there is irrefutable evidence for a disk component (see e.g. Fig. 1 ). Without such evidence, using only one component is conservative in the same sense above.
In Figs. 2 and 3, we show surface-brightness profiles derived using the IRAF program "ellipse", for the data as well as each component that was fitted using GALFIT. As the fitting was done in two dimensions, these figures should be considered as illustrations only, showing the relative contributions of the different components to the total fit as a function of radius. We divide the sample in two groups, based on the quality of the fit: In Fig. 2 , we show all objects that were fitted by a resolved spheroid component; in Fig. 3 , we show objects with an unresolved spheroid component, i.e. those for which GALFIT ran into the size limit of the spheroid of 2.5 pixels.
In Appendix B, we discuss the effects of the choice of different Sérsic indices other than n=4 (i.e. a de Vaucouleurs (1948) profile). To briefly summarize, all results stated in the paper remain the same within the errors, when choosing the best-fitting Sérsic index instead of n=4.
Estimating Spheroid Luminosities from Upper Limits Using Informative Priors
As described above, for ten objects the addition of a disk component resulted in a vanishingly small spheroidal component. For one object (1501), even a single spheroid component had the same effect.
6 Thus, for these 11 objects, we fixed the spheroidal half-light radius to the minimum resolvable size of 2.5 pixels and inferred an upper limit to the bulge luminosity. The same is true for five objects in Paper II and we thus include them in the analysis described here. In brief, we combine the upper limit on spheroid magnitude with prior knowledge on bulge-to-total luminosity ratios (B/T) as a function of total host-galaxy magnitude. In terms of Bayes' Theorem, we derive the posterior on B/T by combining our likelihood -in the form of a step function limited to the measured upper limit from GALFIT -with a prior taken from the literature.
The prior is determined from quantitative measurements of the distribution of spheroid-to-total luminosity ratios (Benson et al. 2007) , derived for a sample of ∼8800 galaxies from SDSS, using the 2D fitting code GALACTICA (Benson et al. 2002) . The galaxy redshifts span a range of 0.02 < z < 0.3 with an average of 0.09. The absolute R magnitudes of these galaxies are comparable to our sample (80% of the Benson et al. (2002) galaxies are within our range of −20.2 ≤ R mag ≤ −22.6).
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For each object in our sample, we performed the following steps. First, we selected only objects from Benson et al. (2007) , for which the total galaxy magnitude is within ±0.5 mag of the Seyfert total host-galaxy magnitude (which is typically accurate to 0.1 mag). Then, we created a histogram over the B/T values of the Benson et al. galaxies within this magnitude range (step size of 0.1) and cut this histogram at the upper limit of B/T we derived for the Seyfert galaxies. Finally, we calculated the mean and sigma of the remaining B/T values and used this value to derive the spheroid luminosity for the Seyfert galaxies. In Fig. 4 , we show the prior, likelihood, and posterior distribution functions for all 16 objects. The upper limit and mean posterior B/T ratio is also shown.
Dust Correction
For two objects (0107 and 1015), the ACS F775W images studied in Paper II reveal dust lanes in the host galaxy, preventing an accurate measurement of the AGN and spheroid luminosity from the ACS images alone. Thus, NICMOS F110W images were obtained, which we use here for dust correction. Briefly, the color excess is measured from the two colors and used to correct for dust extinction assuming an extinction law. The procedure we adapt is similar to the one described in Koopmans et al. (2003) .
First, we deconvolved the ACS image using the ACS PSF from Paper II and a Lucy-Richardson algorithm (IRAF program "lucy"). Then, the F775W image was rotated to match the orientation of the NICMOS image and drizzled to the same pixel scale. We assume that the centroids are unaffected by the dust lane -an assumption supported by the distribution of the dust seen in the images -and we thus centered both images on their peaks. In the next step, the F775W image was convolved by the NICMOS PSF (IRAF program "imconvolve") to match the resolution of the F110W image. Then, a color map was created from the ratio of these matched images and the intrinsic color was assumed to correspond to the minimum of the color and to be spatially uniform. Finally, the color excess was converted into extinction assuming A V = 3.1E B−V , A F110W /A V = 0.628 (corresponding to rest-frame F814W), and A F775W /A V = 1.049 (corresponding to rest-frame F555W). The extinction-corrected NICMOS image was used for fitting with GALFIT.
DERIVED QUANTITIES

Rest-Frame V-Band Luminosities
We applied correction for Galactic extinction, assuming A V = 3.1E (B−V ) and A F 110W = 0.902E (B−V ) (Schlegel et al. 1998) . The values for E B−V were taken from Schlegel et al. (1998) . The F110W AB magnitudes were transformed to restframe optical bands by performing synthetic photometry on an early-type galaxy template spectrum, a procedure traditionally referred to as kcorrection. The template spectrum initially has arbitrary units, and these units were adjusted so that the synthetic observed frame F110W magni-tudes match the magnitudes from our photometry. We then evaluated the V-band magnitudes at the rest-frame of the template; luminosities were determined by correcting for the distance modulus given our adopted cosmology. The errors on extinction and rest-frame transformation are a few hundredths of a magnitude. We note that the F110W band roughly corresponds to the R and I bands for our two intermediate-redshift samples; considering the small scatter in the red colors of bulges (that is, the V-R and V-I colors) we are able to determine robust estimates of the V-band magnitude. We estimate an uncertainty of <0.05 mag (using the scatter in 20 single stellar population templates with ages ranging from 2 Gyr to 8 Gyr).
Luminosity Evolution
To allow a direct comparison of the observed relation in the more distant universe and local samples, we evolved the spheroid luminosity according to the evolution measured from the evolution of the fundamental plane by Treu et al. (2001) :
This corrects pure passive luminosity evolution, i.e. the decrease in spheroid luminosity due to an aging stellar population. We used the same correction for our intermediate-z Seyfert sample and for the local RM AGNs which will be discussed in § 6.1. However, equation 1 is only valid below z 1 and an equivalent measurement is not available at higher redshift. Therefore, for the high-z sample we adopt a conservative correction based on the predicted evolution for a maximally old stellar population (see § 6.2).
Black Hole Mass
As in Paper I, II, and III of this series, black hole masses were estimated using the empirically calibrated photo-ionization method (e.g., Wandel et al. 1999; Vestergaard 2002; Woo & Urry 2002; McGill et al. 2008 , for a detailed discussion see Paper II). Briefly, the method (sometimes called the "virial" method) assumes that the kinematics of the gaseous region in the immediate vicinity of the BH, the broad line region (BLR), traces the gravitational field of the BH. The width of the broad emission lines (e.g. Hβ) gives the velocity scale, while the BLR size is given by the continuum luminosity through application of an empirical relation found from reverberation mapping (RM) (e.g., Wandel et al. 1999; Kaspi et al. 2000 Kaspi et al. , 2005 Bentz et al. 2006) . Combining size and velocity gives the BH mass, assuming a dimensionless coefficient of order unity to describe the geometry and kinematics of the BLR (sometimes known as the "virial" coefficient). This coefficient can be obtained by matching the M BH -σ relation of local active galactic nuclei (AGNs) to that of quiescent galaxies (Onken et al. 2004; Greene & Ho 2006) . Alternatively, the coefficient can be postulated under specific assumptions on the geometry and kinematics of the BLR. We note that the exact value of the virial factor does not affect our results since the relative offset between local and higher redshift AGNs should be independent of the virial factor.
We use the following formula which includes calibrations of the BLR size-luminosity relation (after subtraction of host galaxy light; Bentz et al. 2006 ) and a virial coefficient taken from Onken et al. (2004) : log M BH = 8.58+2 log σ H β 3000 km s −1 +0.518 log λL 5100 10 44 erg s −1 (2) with σ Hβ the second moment of the broad Hβ emission line and λL 5100 the observed nuclear luminosity at 5100Å.
To obtain the 5100Å continuum luminosity of the AGN, we extrapolated the extinctioncorrected PSF AB magnitude in F110W to restframe 5100Å, assuming the power law f ν ∝ ν −0.5 . The power-law index -0.5±0.15 is the average derived for the majority (24/40) of our sample from SDSS photometry in the restframe wavelength range 5000Å-6600Å (as covered by SDSS for z=0.36) after subtraction of host-galaxy light contribution (Szathmary et al., in preparation) . Within the errors, this slope is in agreement with other studies (see Vanden Berk et al. 2001 and references therein) . The uncertainties on the slope lead to an uncertainty of <10% in L 5100 and <5% in M BH , i.e. negligible compared to the uncertainty of 0.4 dex when deriving BH masses from single-epoch spectra.
The line width σ Hβ was derived from spec-tra obtained with the Keck telescope, using the longslit spectrograph LRIS to measure the stellar velocity dispersion (see Paper I and Woo et al. 2009 , in preparation, for details). We assume a nominal uncertainty of the BH masses measured from single-epoch spectra of 0.4 dex. Note that we do not correct for possible effects of radiation pressure (e.g., Marconi et al. 2008 , see, however, Netzer 2009 ). First, the role of radiation pressure on the measurement of BH masses is still discussed controversially and second, neglecting its effects is a conservative approach: If radiation pressure does affect the motion of the BLR clouds, not taking it into account would lead to an underestimation of the BH mass. Thus, including radiation pressure, the observed offset would further increase.
All results are summarized in Table 2 . In addition to the 23 objects in the sample studied here, we give the results for the sample in Paper II, which changed slightly (<0.15 mag) due to a small error in the extinction correction in Paper II (consequently, also the derived BH masses changed slightly). Also, we determined spheroid luminosities for those objects in Paper II that only had upper limits by applying the informative prior. Moreover, Paper II used the B-band luminosity of the spheroid component (for comparison with inactive galaxy samples in the local Universe). We here give the V-band luminosity of the spheroid component.
COMPARISON SAMPLES
Local Comparison Sample
Interpreting the M BH -L sph relation for the distant Seyfert samples studied here and any possible evolution with redshift requires a robust local baseline -ideally of Seyfert galaxies with comparable BH masses and spheroid luminosities to avoid selection biases as much as possible. The most appropriate local comparison sample for our study is the reverberation-mapped sample of 35 AGN hosts. This sample has the great advantage that the BH mass is derived directly via RM and does not depend on the BLR size-luminosity relation and its uncertainties. A detailed analysis of HST images of the RM sample to derive AGN and spheroid luminosities was recently completed by Bentz et al. (2009b) . However, a comparison with our study is not straightforward due to their very different approach which aims to get the best estimate of AGN-to-host-galaxy luminosity ratio. In particular, while we use the simplest decomposition possible, i.e. PSF, spheroid (modeled as simple de Vaucouleurs (1948) profile) plus possible exponential disk, Bentz et al. (2009b) allow the Sérsic index to vary, sometimes include more than one PSF for the same galaxy (to compensate for PSF mismatch), and up to three different spheroid components.
We thus decided to perform an independent analysis of the HST archival images, for a homogeneous treatment of all the data, using the same approach as for our distant Seyfert galaxies. Our robust subsample of the RM AGNs consists of 19 objects (10 PG quasars and 9 Seyfert-1 galaxies). In Appendix C, we summarize the details of the analysis, and show, that our results are in overall agreement with those of Bentz et al. (2009b) . However, the spheroid luminosities we derive are often brighter than in Bentz et al. (2009b) , especially in those cases where we fit a spheroid component only and not spheroid+disk as in Bentz et al. (2009b) , since we did not find evidence for a disk component.
As for the more distant sample, we correct for passive luminosity evolution to zero redshift ( § 5.2). This is important as the most massive black holes in the RM sample are systematically found at higher redshift (up to z=0.29, look-back time ∼3.3 Gyrs), which changes the best fit M BH -L sph with respect to that presented by Bentz et al. (2009a,b) , who did not take luminosity evolution into account.
To compare our local relation to that of , we fitted the data using the BCES algorithm (Akritas & Bershady 1996) , which takes into account the effects of errors on both coordinates using bivariate correlated errors. Following , we adopt the bootstrap of the BCES bisector value with N = 1000 iterations. We give the different fits in Table 4 in the form of
However, in line with the Bayesian approach followed in this paper, instead of using the BCES fitting routine to determine our standard local base-line, we apply our own fitting routine. Following standard procedures, gaussian errors on both variables are taken into account. The intrinsic scatter is a free parameter and is modeled as a gaussian distribution. Uniform priors are assumed on each free parameter. The inferred slope and intercept after marginalizing over the intrinsic scatter are given in Table 4 . As can be seen, the resulting slope can range from α = 0.67 to α = 0.81, depending on the evolutionary correction and on the fitting technique. For comparison, we transformed the B-band magnitudes of the local inactive comparison sample from Marconi & Hunt (2003) (group 1 only) to V-band (assuming an elliptical template and B-V=0.96 mag; Fukugita et al. 1995) . Using again our linear fitting routine including gaussian errors and intrinsic scatter gives a steeper slope of α=1.11±0.13 (K=0.07±0.08; scatter=0.38±0.07). For a discussion of the difference in slope between AGN sample and inactive galaxy sample, see .
High-z Comparison Sample
To study the evolution of the M BH -L sph relation, we selected a high-redshift comparison sample from Peng et al. (2006b) , consisting of a total of 31 gravitationally lensed quasars and 20 nonlensed quasars at redshifts of 0.66 ≤ z ≤ 4.5. It includes 15 non-lensed (radio-loud and radio-quiet) quasars taken from the literature (Kukula et al. 2001; Ridgway et al. 2001) . We exclude four objects which were also excluded from the analysis in Peng et al. (2006b) , one object, for which the BH mass is only a lower limit 8 (PSS 2322+1944), as well as two extreme outliers in M BH with high uncertainties (B2045+265 and HE 2149-2745), leaving us with a sample of 44 QSOs (17 non lensed and 27 lensed objects). BH masses were estimated from single epoch spectra using the broad lines C IV, Mg II, or Hβ. The luminosity was derived from two-dimensional surface brightness fitting (GALFIT). Note that the Peng et al. (2006b) measurements comprise the total host-galaxy luminosity instead of spheroid luminosity alone, as only one component was fitted. However, there is no evidence for any of the objects to have two components, indicating that the host galaxies are 8 Assuming Eddington-limited accretion ellipticals. (Note that even if there was a disk component present, fitting only one component is a conservative approach in the sense that the offset from the local relation is the smallest.)
To allow for a homogeneous treatment of the data, we corrected the BH mass estimation based on the Mg II line for normalization differences using the recipe by McGill et al. (2008) . Note that for Hβ and C IV, Peng et al. (2006b) used a comparable normalization factor and the difference is negligible. For objects for which both C IV and Mg II measurements are available, we use the latter line, as determining M BH based on the former may have larger uncertainties: The C IV line is often found to be blueshifted with a strong blue excess asymmetry indicating an outflow component (see e.g. Baskin & Laor 2005) .
To correct for luminosity evolution, but lacking direct determinations of passive evolution out to these redshifts, we apply a conservative evolution correction based on maximally old stellar populations. Specifically, we assume that the single burst occurred at z = 5. We use a Salpeter initial mass function with solar metallicity and stellar populations synthesis models from Bruzual & Charlot (2003) to compute the evolutionary correction.
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Note that assuming a younger stellar population which might be present (e.g. Martel et al. 1999; Canalizo & Stockton 2001; Evans et al. 2001; Scoville et al. 2003; Kauffmann et al. 2003; Sánchez et al. 2004; Tadhunter et al. 2005; Canalizo et al. 2006; Barthel 2006; Jahnke et al. 2007 ) -for example due to triggering of SF from a merger event that also triggered the AGN activity -we would infer faster passive evolution and therefore more pronounced evolution in M BH at fixed present-day luminosity. Thus, our approach is conservative.
RESULTS
Host-Galaxy Morphology And Merger Rates
From the final reduced images (see Fig. 1 ), we derive the overall host-galaxy morphology. At least five of the 23 objects show a clear large spi-ral disk (0804, 1043, 1046, 1352, 2340) and one object has an extended disk-like structure (1007). Including the sample from Paper II, a significant fraction of the host galaxies (>15/40) have morphologies of Sa or later.
In the NICMOS images, seven objects show evidence for tidal interactions and merging such as tidal tails and other morphological disturbances (0934, 1021, 2158, 0155, 0342) or nearby companions connected by tidal features (1501, 1526). Half (3/6) of the objects at z=0.57 show signs of mergers/interactions (0155, 0342, 1526) . In some cases, it is difficult to clearly distinguish between the presence of a spiral disk and tidal tails; we cannot exclude the presence of a tidally disrupted disk (e.g. 1352, 0342). Combined with the objects in Paper II, 13 of 40 objects show some sign of tidal disturbance. When considering only objects at z=0.36, 10/34 objects are in apparently disturbed systems (0.29±0.1). This agrees with the fraction of disturbed systems found for a control sample of GOODS galaxies: Selecting all galaxies within GOODS with comparable stellar luminosity and a redshift range of z = 0.36 ± 0.1 and performing the same visual classification lead to 12/42 disturbed systems (0.28 ± 0.08; Paper II). This fraction is somewhat larger than observed in the local universe (e.g., Patton et al. 2002 , see, however, Tal et al. 2009 ).
BH Mass -Spheroid Luminosity Relation
The resulting M BH -L sph relation is shown in Fig. 5 (upper left panel) . Objects with signs of tidal interaction or merger are marked by open black circles; they are not significant outliers. In the upper middle panel of Fig. 5 , the high-z sample is included. Fig. 5 (upper right panel) shows the distribution of the residuals in logM BH with respect to the fiducial local relation. If we treat the intrinsic scatter of the relation as a free parameter and marginalize over it, the offset we derive with respect to the local relation (solid black lines in Fig. 5 , upper left panel) is ∆ log M BH = 0.14 ± 0.07 ± 0.20 (statistical and systematic error; w.r.t. L sph,V including the full sample at both z = 0.36 and z = 0.57). For comparison, in Paper II we found ∆ log M BH = 0.51 ± 0.14 ± 0.19 (i.e. when considering only the blue data points in Fig. 5, upper left panel) . Although the numbers are consistent within the errors, we note that they cannot be compared directly due to the radically different selection function in M BH , for the two samples (see § 7.3). Expressed as offset in spheroid luminosity, ∆ log L sph = -0.19 ± 0.08 ± 0.21.
Studying the evolution with redshift of the offset in BH mass, with respect to the fiducial local relation, we fit a linear relation of the form ∆ log M BH = γ log(1 + z) and include the intrinsic scatter in log M BH as a free parameter. We assume negligible errors on the redshifts and a standard error of 0.4 dex for log M BH . We find γ = 1.3 ± 0.9. Note that this fit does not take into account systematic errors nor selection effects. Adding the higher redshift comparison sample from Peng et al. (2006b) , we extend our redshift baseline, decreasing the error on the slope, resulting in γ = 1.2 ± 0.2 (Fig. 6, left panel) . We also plot the evolution as a function of look-back time (Fig. 6, right panel) . However, we stress that the figures and the fits discussed in this section are for illustration only as they ignore selection effects. The correct quantitative results taking into account selection effects are given in § 7.3.
Note that without correction for passive luminosity evolution, there is little to no offset for any of the distant objects. A similar result has already been found by Peng et al. (2006b) , who show that host galaxies harboring BHs of the same mass were as luminous at a redshift out to z=4.5 as they are today, up to ∼12 Gyrs later (see also Decarli et al. 2009 ).
Selection Effects
As discussed in Paper II, by selecting targets based on their nuclear properties and in particular on the presence of a broad line AGN, we may be biasing our inferred offset (see also Lauer et al. 2007) , an effect analogous to the Malmquist (1924) bias. The magnitude and sign of the bias depends on the errors, on the selection function, on the spheroid luminosity function and on the intrinsic scatter of the correlation with host-galaxy luminosity. Here, we exploit the larger sample to correct the offset and infer for the first time the intrinsic scatter of the relation. The slope is assumed to be fixed to the local value, given that the dynamic range of the data is not sufficient for an independent determination of its evolution.
Briefly, we use a Monte Carlo approach to simulate the observations including selection effects and compute the likelihood and posterior distribution function as a function of the two free parameters: slope β of the relation ∆ log M BH = β log(1+z) at fixed zero redshift spheroid luminosity, and intrinsic scatter σ int of the M BH -L sph relation which is assumed to be non evolving. First, we populate the local M BH -L sph correlation according to the spheroid luminosity function taken from Driver et al. (2007) (their Table 1 , Sample "Ellipticals + bulges"). Second, for each value of the free parameters β and σ int , and for each object in the distant sample, we generate a simulated observed sample, assuming gaussian errors on both axes, with amplitude equal to the observational errors. Third, we model the selection effect by hard thresholds in log M BH , as appropriate for each sample: For the initial samples of z = 0.36 Seyferts introduced in Papers I and II, as well as for the sample at z = 0.57, we adopt the interval [7.5,9] (lower and upper value of log M BH ); for the z = 0.36 sample introduced here -which was selected to have small black hole masses and was thus restricted to log M BH 8.2 -we use [7.5,8.2] ; for the high-z sample we assume [7.5,10] . It is important to notice that both the upper and lower limits are relevant for the analysis, as they bias the results in opposite directions. For each object in the distant sample, we select simulated objects with consistent spheroid luminosity within the error, generate a one dimensional simulated distribution in M BH , and compute the likelihood. To compute the posterior, we adopt a uniform prior on β and two choices of prior for σ int : i) uniform, appropriate when the parameter is unknown but believed to be of order unity; and ii) σ int = 0.38±0.09, as determined by Gültekin et al. (2009) for a local sample of inactive galaxies. The latter is the most informative prior, although it comes with the price of assuming that the scatter of the M BH -L sph relation is the same for active and inactive galaxies. The results are shown in Fig. 7 . If the high-z sample is included, β = 1.4 ± 0.2 is well determined regardless of the assumed prior on σ int . For a uniform prior on σ int , the inferred scatter is 0.3±0.1 dex (<0.6 dex at 95% CL). If the high-z sample is not included, the baseline in redshift is not sufficient to determine β and σ int simultaneously for a uniform prior. Adopting the prior by Gültekin et al. (2009) to break the degeneracy, we find β=2.8±1.2. This is consistent with the trend observed for the complete sample although the bounds are weaker due to the smaller baseline in redshift.
When excluding those 16 objects in our sample for which we estimated spheroid luminosities from upper limits using informative priors ( § 4.3), we obtain β=1.3±0.3 (including the high-z sample) and β=1.8±1.4 (without the high-z sample using the same prior as above), i.e. consistent within the errors. If we exclude all objects for which M BH was estimated based on the C IV line (which may be more uncertain; § 6.2), the evolution is less well constrained, since half of the highz objects are excluded. Using again a prior on σ int = 0.38±0.09 as above, it results in β=1.1±0.3. The slope also gets shallower when using the local inactive galaxy sample from Marconi & Hunt (2003) (group 1 only, transformed to V-band magnitude, see § 6.1): β=0.9±0.2.
BH Mass -Host-Galaxy Luminosity Relation
We calculate the total host-galaxy luminosity for both our intermediate-redshift Seyfert sample and the local RM AGNs and show the M BH -L host relation in Fig. 5 (lower left panel) . Note that, for consistency and lack of additional information, we assume the same k-correction template and passive luminosity evolution for the total host galaxy as for the spheroid luminosity (see § 5.2). Conservatively, we also assume the same error on the total luminosity as on the spheroid luminosity of 0.5 mag, although, generally, the error on the total luminosity is smaller.
Compared to the M BH -L sph relation, the M BH -L host relation is apparently non-evolving: If we again treat the intrinsic scatter of the relation as a free parameter and marginalize over it, the offset we derive with respect to the local relation (solid black lines in Fig. 5 , lower left panel) is ∆ log M BH = -0.03 ± 0.09 ± 0.04 (w.r.t. L host,V ; including the full sample at both z = 0.36 and z = 0.57). Expressed as offset in spheroid luminosity, ∆ log L sph = 0.04 ± 0.09 ± 0.04.
The best fit to the local RM AGNs (black solid line in Fig. 5 , lower left panel) gives a marginally steeper slope than for the M BH -L sph relation (α = 0.96 ± 0.18 vs α = 0.70 ± 0.10; Table 4 ). Overplotting the high-z comparison sample (Fig. 5 lower  middle panel) , their luminosity remains the same as in the upper middle panel: The objects were fitted by Peng et al. (2006b) by only one component (without any evidence of a second component) and thus L sph =L host . Apparently, the high-z comparison sample does not follow the same M BH -L host relation, instead the offset remains. The distribution of the residuals in logM BH of the distant AGNs with respect to this fiducial local relation is shown in Fig. 5 (lower right panel) .
DISCUSSION
The role of mergers
Theoretical studies generally invoke mergers to explain the observed scaling relations between BH mass and host-galaxy spheroid properties -a promising way to grow both spheroid and BH. In a simple scenario, spheroids grow by (i) the merging of the progenitor bulges (assuming that both progenitors have a spheroidal component), (ii) merger-triggered starbursts in the cold galactic disk, and (iii) by transforming stellar disks into stellar spheroids (e.g., Barnes 1992; Mihos & Hernquist 1994; Cox et al. 2004) , thus increasing the spheroid luminosity and stellar velocity dispersion. The fueling of the BH, on the other hand, is triggered by the merger event as the gas loses angular momentum, spirals inward and eventually gets accreted onto the BH, giving rise to the bright AGN or 'quasar' period in the evolution of galaxies (e.g., Kauffmann & Haehnelt 2000; Di Matteo et al. 2005) . Eventually, if BHs are present in the center of both progenitor galaxies, they may coalesce. In such a simple scenario, an evolution in the BH mass -spheroid luminosity relation is not necessarily expected: Both spheroid and BH grow from the same gas reservoir, and bulge stars added to the final spheroid followed the BH mass -spheroid luminosity relation prior to merging, so the relation will be preserved when the BHs coalesce. However, while mergers provide a way to grow both spheroids and BHs, they may do so on very different timescales. Moreover, the merger history of galaxies varies, depending e.g. on formation time and environment. Different types of merger, for example with a different relative role of dissipation (e.g., have different effects on the growth of spheroid and BH: For a gas-rich major merger between an elliptical galaxy and a spiral galaxy -the latter without a (massive) BH -the bulge grows more efficiently than the BH by the disruption of the stellar disk (Croton 2006) .
In general, our images of the intermediate-z Seyfert galaxies support the merger scenario (see Fig. 1 and § 7.1). However, objects with evidence for merger/interaction do not form any particular outliers in the BH mass -spheroid luminosity relation (Fig. 5) . This may not be too surprising: For those objects for which we still see two separate galaxies in the process of merging, we fitted both separately and the bulge luminosity of the AGN host has not yet increased from the process of merging. Other objects with signs of interaction may be in a later evolutionary stage where the bulge luminosity has already increased and thus, the object falls closer to the local relation. Finally, mergers between similar objects would only move the system parallel to the local relation. In general, the effect of mergers on the measured bulge luminosity of an object depends on the type of the merger, the evolutionary stage of the merger, and the timescales involved to grow spheroid and BH. Such a detailed comparison of merger type and age with theoretical predictions is beyond the scope of this paper, given the small sample of merging objects and the limited information at hand.
Note that the fraction of apparently disturbed systems we find is not higher than that of a comparison sample of inactive galaxies at the same redshift ( §7.1). Thus, from our images alone, we cannot infer a causal link between a merger/interaction event and the AGN activity we observe.
Instead, "normal" galaxies may have the same merger history, and ongoing interactions are not necessarily predictive of AGN activity. The role of mergers for the fueling of AGNs is debated in the literature (e.g. Sanders et al. 1988; Heckman et al. 1984; Hutchings et al. 1988; Disney et al. 1995; Bahcall et al. 1997; McLure et al. 1999; Canalizo & Stockton 2001; Dunlop et al. 2003; Floyd et al. 2004; Canalizo et al. 2007; Urrutia et al. 2008; Bennert et al. 2008; Veilleux et al. 2009; Tal et al. 2009 ). While there is little doubt that mergers are helpful, they are certainly not a sufficient condition, considering the 12 numerous inactive interacting galaxies.
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Also, mergers may be necessary for the high-luminosity QSOs only while for Seyfert galaxies, secular evolution through processes such as bar instabilities may be the dominant effect in the evolution of these galaxies. We will come back to this issue in § 8.3.
BH Mass -Spheroid Luminosity Relation
Combining results of low-z, intermediate-z and high-z AGNs, treated in a self-consistent manner, we can estimate the intrinsic scatter of the M BH -L sph scaling relation and correct evolutionary trends for selection effects. We discuss scatter and evolution in the next two subsections.
Scatter of M BH -L sph
The intrinsic scatter we find (0.3±0.1 dex; <0.6 dex at 95% CL) is non-negligible. However, we assume the intrinsic scatter of the M BH -L sph relation to be non evolving. While it would be desirable to directly study the evolution of the scatter with redshift, this requires a larger sample than the one we have at hand. Actually, we might expect a larger intrinsic scatter at higher redshifts, given the different ways and timescales involved when growing spheroids and BHs through mergers. Indeed, for the local Universe, the observed tightness in the relations has been a challenge for theoretical studies. It has been explained by selfregulated models of BH growth (Hopkins et al. 2009b) in which the energetic feedback of the AGN eventually halts accretion, preventing the BH from further growth and quenches star formation (e.g., Ciotti & Ostriker 1997 Also, a significant fraction of the host galaxies of both our local RM AGN sample (∼9/19) and our intermediate-z sample (>15/40) are prominent late-type spirals of type Sa or later which have been found to have a larger intrinsic scatter than elliptical galaxies (e.g., Gültekin et al. 10 However, this might also be due to the timescales involved, with the signs of interaction outliving the AGN activity (see also the case of present-day Type II AGNs; Choi et al. e.g. 2009) .
2009, for the M BH -σ relation: 0.44 dex when including all galaxies vs. 0.31 for elliptical galaxies only). As already discussed in paper II, the intermediate-z late-type spirals may eventually fall on the local relation later, through merging, in line with "downsizing" (e.g. Cowie et al. 1996; Brinchmann & Ellis 2000; Kodama et al. 2004; Bell et al. 2005; Noeske et al. 2007 ): Less massive, blue galaxies merge at later times and arrive at the local relation by becoming larger, bulgedominated red galaxies. Also, at least some spiral galaxies may not have classical bulges, but pseudobulges which are characterized by surfacebrightness profiles closer to exponential profiles, ongoing star formation or starbursts, and nuclear bars or spirals. It is generally believed that they have evolved secularly through dissipative processes rather than being formed by mergers (see e.g. review in Kormendy & Kennicutt 2004) . BHs have been found to reside in galaxies without classical bulges which may not follow the same scaling relations (e.g., Greene et al. 2008 ).
Evolution of M BH -L sph with redshift
To generalize our results and to facilitate comparison with theoretical and observational works, it is useful to estimate the evolution of the M BHspheroid stellar mass relation. We can convert the observed evolution of M BH -spheroid luminosity into that between M BH and spheroid mass, if we assume that -after correction for luminosity evolution -the mass-to-light ratio does not change from sample to sample 11 . Under this assumption, an offset of ∆M BH at fixed L sph equals that at fixed M star and thus, M BH /M sph ∝(1 + z) 1.4±0.2 .
We are now in a position to make a broad range of comparisons. In the literature, the BH mass evolution is discussed quite controversially. Shields et al. (2003) Komossa & Xu (2007) .) A similar conclu-sion has been reached by Shen et al. (2008) who study over 900 broad-line AGNs out to z ≃ 0.4 from SDSS. Adelberger & Steidel (2005) use the correlation length of 79 quasar hosts at z ∼ 2 − 3 to estimate the virial mass of the halo and the C IV line width and UV flux at 1350Å to estimate M BH . When comparing the resulting M BH -M halo relation to the local one (Ferrarese 2002) , they find no evidence for evolution. In particular, they can rule out evolution of the form M sph /M sph ∝(1 + z) 2.5 with z = 2.5 at 90% CL, given their error bars.
Other observational studies find the same trend in evolution as we do, i.e. that BHs are too massive for a given bulge mass or velocity dispersion at higher redshifts (Walter et al. 2004; Shields et al. 2006; McLure et al. 2006; Peng et al. 2006b; Salviander et al. 2007; Weiss et al. 2007; Riechers et al. 2008 Riechers et al. , 2009 Gu et al. 2009 ). McLure et al. (2006) , for example, study radioloud AGN (0 < z < 2) and find Peng et al. (2006b) , whose data, treated in a consistent manner to match our data set, are included in this study, rule out pure luminosity evolution and find that the ratio between M BH and M sph was ∼four times larger at z ∼ 2−3 than today. For 89 broad-line AGNs between 1 < z < 2.2 in the zCOSMOS survey, Merloni et al. (2009) 
0.74±0.12 . However, this fit refers to the total host galaxy instead of the spheroid component alone. At least some galaxies will have a non-negligible disk fraction, which, when taken into account, would result in a larger offset (see also Jahnke et al. 2009 ). For a sample of ∼ 100 quasars selected to reside in elliptical hosts, Decarli et al. (2009) estimate that M BH /M sph was ∼8 times larger at z ∼ 3 than today, i.e. M BH /M sph ∝(1 + z)
1.5 . The evolution we find is also consistent with our previous results, within their much larger errors:
1.5±1 from the M BH -L sph relation in Paper II, whose data are included here, and ∆ log M BH ∝(1 + z) 3.1±1.5 from the M BH -σ relation in Paper III.
From a theoretical perspective, the discussion on the evolution of the BH mass scaling relations is not any less controversial. Shankar et al. (2009) , for example, use the local velocity dispersion function (VDF) of spheroids, together with their inferred age distributions, to predict the VDF at higher redshifts. Using the M BH -σ relation with a normalization allowed to evolve with redshift (∝ (1 + z) δ ), they infer the BH mass density and compare it to the accumulated BH mass density derived from the time integral of the AGN LF. They find a mild redshift evolution (δ < 0.35), excluding δ > 1.3 at more than 99% CL (with the possibility of a stronger evolution for the more massive BHs). Another study using fully cosmological hydrodynamic simulations of ΛCDM following the growth of galaxies and supermassive BHs, as well as their associated feedback processes, finds only limited evolution in M BH with a steepening at z=2-4 (Di Matteo et al. 2008) . Merloni et al. (2004) expect a weak evolution of
0.4−0.6 , when fitting the total stellar mass and star formation rate density as a function of redshift and comparing that to the hard X-ray selected quasar luminosity function, assuming that BHs only grow through accretion. Such a slope is in agreement with work by who combine prior observational constraints in halo occupation models with libraries of high-resolution hydrodynamic simulations of galaxy mergers. Using semi-analytic models, Croton (2006) predicts an evolution of M BH /M sph ∝ (1+z) 0.4−1.2 . A more rapid evolution is predicted by Wyithe & Loeb (2003) who assume a self-regulated BH growth model and find M BH /M sph ∝ (1+z)
1.5 , similar to our observational result.
However, the great advantage of the study presented here are the high-quality images at hand, allowing for a detailed bulge-to-disk decomposition of the host galaxy of the low-and intermediate-z Seyfert-1 galaxies. Combining data from a large sample of active galaxies, covering a redshift range from the local Universe out to z=4.5, all treated in a consistent manner, results in smaller error bars on the predicted evolution than previous studies. Moreover, it allows, for the first time, to correct evolutionary trends for selection effects. The evolution we find (M BH /M sph ∝(1 + z)
1.4±0.2 ) is indicative of BH growth preceding host-spheroid assembly.
Still, we did not take into account that the evolution may depend on BH mass (see also Paper III). Indeed, there are theoretical predictions that objects with higher BH (or bulge) masses evolve faster (e.g., ). For example, Di Matteo et al. (2008) find that when restricting their fits to objects with M ⋆ ≥ 5 × 10 10 M ⊙ , the relation has a slope of ∼ 1.9 at z=3-4 and ∼ 1.5 at z=2. Unfortunately, our sample is too small to allow us to address this possibility. There may indeed be some evidence that the offset in BH mass is larger for objects with more massive BHs (Fig. 5 , upper left panel and Fig. 6, right panel) .
BH Mass -Galaxy Luminosity Relation
A different scenario seems to emerge when considering the relation between M BH and total hostgalaxy luminosity (Fig. 5, lower left panel) . This relation is almost non-evolving within the last six billion years.
12 Recently, Jahnke et al. (2009) found qualitatively similar results for a small sample of ten AGNs at redshifts between 1 < z < 2: They derive host-galaxy masses from colors based on ACS and NICMOS imaging, finding that they lie on the M BH -M ⋆,bulge relation in the local Universe (Häring & Rix 2004) .
Such a non-evolving M BH -L host relation can be interpreted twofold.
(a) The amount by which some of the more distant objects have to grow their spheroid is already contained within the galaxy itself, and the growth can be achieved by the redistribution of stars, i.e. transforming disk stars into bulge stars. Such a redistribution can be the result of mergers or secular evolution, e.g. bar instabilities (e.g., Combes & Sanders 1981; van den Bosch 1998; Avila-Reese et al. 2005; Debattista et al. 2006 ) and torque-driven accretion (see e.g. review in Kormendy & Kennicutt 2004 ) which may coincidentally be also the triggering mechanism for the BH activity we observe (e.g., Shlosman & Noguchi 1993; Athanassoula et al. 2003; Dumas et al. 2007; Haan et al. 2009 ). While not every object in the intermediate-z sample will experience a major merger in the last 4-6 billion years, secular evolution is a promising alternative way to grow the spheroidal components in these objects. But even if they do experience a major merger (as indeed evidenced for at least some objects in our sample), the role of the merger depends on the merger type as discussed above (e.g. a merger between similar objects will simply move the system along the local relation). There may again be a dependency on BH mass: For the low-mass objects, the offset becomes almost negative, indicating that in the low-mass range, either the BH is, at the same time, still growing by a non-negligible amount (consistent with the higher Eddington ratio in the low-mass regime 13 ) or that not all of the stellar mass will end up in the spheroid component. Indeed, for local RM AGNs, at least 6/19 objects reside in late-type host galaxies (preferentially those with lower BH masses).
(b) The relation between BH mass and hostgalaxy luminosity (or mass) may be the more fundamental one. Indeed, this is predicted by Peng (2007) : In his thought experiment, he shows that a tight linear relation between M BH and host-galaxy mass can evolve -if the galaxy mass function declines with increasing mass -due to "a centrallimit-like tendency for galaxy mergers, which is much stronger for major mergers than for minor mergers, and a convergence toward a linear relation that is due mainly to minor mergers". Also, it is possible that BHs in late-type galaxies or galaxies without classical bulges, while not following the same M BH scaling relations as spheroids (see discussion in § 8.2.1), they instead obey a more fundamental relation between BH mass and hostgalaxy mass.
However, the relation between host-galaxy luminosity and M BH seems to exist only up to z 1: The offset for the high-z comparison sample does not decrease as the luminosity given by Peng et al. (2006b) is already the total host-galaxy luminosity (the same is true also for the results by Merloni et al. 2009; Decarli et al. 2009 ). Along the line of argument of (a) above, the growth of the spheroid above a redshift of z 1 cannot simply be achieved through secular evolution (with quasars being predominantly hosted by ellipticals), but instead, major mergers are needed. A major merger is more likely to happen for the high-z sample given the longer time span. Or, following (b), a relation between BH mass and host galaxy is already at place at z 1, but still evolving at earlier times. However, we cannot exclude that part of the difference is due to the difference in BH mass between the samples, with the high-z objects generally having larger BH masses.
In the end, the discussion boils down to the following question: What is the dominant mechanism that grows spheroids, and does it depend on spheroid mass and/or redshift? This is debated controversially in the theoretical literature. For example, based on their semi-analytic models, Parry et al. (2009) find that the majority of ellipticals and spirals never experience a major merger but rather, that they acquire their spheroid stellar mass through minor mergers or disc instabilities. Hopkins et al. (2009c) , on the other hand, combine empirically constrained halo occupation distributions with high-resolution merger simulations, and find that major mergers dominate the formation of ∼L ⋆ bulges and systems with higher B/T, but that lower-mass or lower B/T systems are preferentially formed by minor mergers. They predict that the major merger rate increases with redshift. Qualitatively, we can reconcile such a scenario with our results: Higher-mass objects and those at higher redshifts (i.e. the majority of the high-z sample) form their spheroids preferentially through major mergers and are thus still evolving toward a M BH -L host relation, while lower-mass and lower-z objects (i.e. our intermediate-z sample) grow their spheroids through minor mergers or disk instabilities that redistribute the stars and thus, they fall on the M BH -L host relation.
SUMMARY
We study the evolution and intrinsic scatter of the BH mass -spheroid luminosity relation, taking into account selection effects, by combining three different samples of AGNs. Our intermediateredshift sample comprises 40 Seyfert-1 galaxies at two different redshift bins (34 objects at z=0.36, and 6 objects at z=0.57; look-back time 4-6 Gyr) for which we measure the BH mass from singleepoch Keck spectra. The sample spans more than one order of magnitude in BH mass (log M BH /M ⊙ =7.5-8.8). 2D surface-brightness photometry using GALFIT is carried out on highresolution HST images to decompose the image into AGN and host-galaxy components. The lowz comparison sample consists of 19 local AGNs (0.02 ≤ z ≤ 0.29; z ave = 0.08) with reverberation BH masses (Bentz et al. 2009b ). We reanalyzed the archival HST images in a way comparable to our intermediate-z Seyfert galaxies to eliminate possible systematic offsets. Finally, we combine our results with high-z data (44 quasars from 0.66 ≤ z ≤ 4.5; z ave = 1.8) compiled from the literature, mainly consisting of gravitationallylensed AGNs (Peng et al. 2006b ) that were treated in a self-consistent manner. For all objects, the spheroid luminosity is corrected for passive luminosity evolution. Our main results can be summarized as follows.
• We determine the evolution in M BH with an unprecedented accuracy, taking into account selection effects.
, indicates that BH growth precedes host-spheroid assembly. The intrinsic scatter, assumed to be non-evolving, is nonnegligible (0.3±0.1 dex; <0.6 dex at 95% CL). It may reflect the different ways and timescales involved when growing spheroids or may partially be due to a high fraction of spirals and/or potential pseudobulges in our sample.
• The local and intermediate-z sample follow an apparently non-evolving M BH -hostgalaxy luminosity relation. Either the spheroid grows by a redistribution of stars, or the relation between BH mass and host galaxy is more fundamental. Above z ≃ 1, the relation seems to be still forming, e.g. through major mergers.
We are currently studying the evolution of the BH mass -spheroid velocity dispersion relation (Woo et al. 2009, in preparation) , which should allow us to tighten the error bars on evolution given that velocity dispersion can be measured more precisely than host luminosity. Studying this independent relation will also enable us to distinguish between different evolutionary scenarios, probe the "fundamental plane" between M BH , L sph , and σ (e.g., Hopkins et al. 2007) , and perform further tests for systematics. Due to the failure of NICMOS in Fall 2008, nine objects at z = 0.57 and three objects at z = 0.36 were not observed. Instead, we were recently allocated time with WFC3 to complete the full sample of Seyfert-1 galaxies. We will present results for this extended sample in another paper. At the same time, increasing the local AGN comparison sample would be desirable (and indeed an HST proposal for the eight nearest RM AGNs by Bentz et al. is in the queue). Understanding slope and scatter of the local relations for active galaxies is crucial to study their evolution.
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Facilities: Keck:I (LRIS), HST (NICMOS)
A. MONTE CARLO SIMULATIONS
To probe the reliability of GALFIT to derive the AGN and host-galaxy properties accurately and to estimate the systematic uncertainties involved in the fitting, we ran Monte Carlo simulations of a set of different galaxy models. A comparable procedure was carried out by Kim et al. (2008) .
In particular, we used GALFIT to simulate galaxies, consisting of (a) PSF plus spheroid, and (b) PSF plus spheroid plus disk using a range of typical galaxy properties of our sample. In both cases, the total magnitude was set to either 18 or 19 mag. For case (a), we assumed the effective radius of the spheroid to be r eff = 4 pix, 6 pix, 8 pix, and an AGN-to-total luminosity ratio of 0.05, 0.1, 0.2, 0.5, 0.8, 0.9, 0.95. In case (b), the effective radius of the spheroid was set to r eff = 3 pix, 4 pix, 6 pix, 8 pix (to additionally probe the lower limit which can be a problem when fitting spheroid plus disk). For an AGN-to-total luminosity ratio of 0.8 (0.5), the spheroid-to-disk ratio was 0.5 (0.2, 0.5), and for an AGN-to-total luminosity ratio of 0.2 and 0.1, a spheroid-to-disk ratio of 0.1, 0.2, 0.5 was used.
Note that this is a conservative approach, focusing on the parameter space for which the detection of the spheroid component is most difficult, i.e. a small spheroid size, a small spheroid-to-disk luminosity ratio and a large AGN-total galaxy luminosity ratio. The galaxies were simulated with a given PSF and noise was added based on a typical observed signal-to-noise (SN) ratio in a Monte Carlo fashion creating 100 artificial images which were then fitted by GALFIT. In a first run, the simulated galaxies were fitted with the same PSF that was used to create the artificial images, in subsequent runs with different PSFs from our PSF library to simulate PSF mismatch.
For case (a), GALFIT can easily recover the sizes and magnitudes, even when the spheroid reaches sizes close to the minimum size that can be resolved given the PSF (here assumed to be 2.5 pixels). In Fig. 8 , we show the resulting offsets for the smallest spheroid (r eff = 4 pix). However, more caution needs to be exercised for a three-component fit (PSF, spheroid, and disk), probed in case (b). In Fig. 9 , we show the resulting offsets for the smallest spheroid (r eff = 3 pix), i.e. the most difficult scenario for retrieving the spheroid parameters accurately. The derived spheroid magnitude can differ up to 0.5 mag in the worst case, while the difference in PSF magnitude is less than 0.2 mag. We adopt these values as conservative measures of our errors, i.e. 0.2 mag for AGN luminosity and 0.5 mag for spheroid luminosity.
As the estimation of errors is the main purpose of this analysis, we do not further discuss the results of these simulations. The overall trend is the same as in Kim et al. (2008) , i.e. the scatter in all derived parameters is largest when the AGN is dominant, and when r eff is small and difficult to distinguish from the nucleus or large with low surface brightness. Spheroid-to-disk-to-AGN decompositions are much more difficult than spheroid-to-AGN as they involve 6 additional free parameters (if the spheroid is fitted by a de Vaucouleurs (1948) profile) and can only be done if the S/N is high.
B. CHOICE OF SÉRSIC INDEX
A general profile to fit galaxies is the so-called Sérsic (1968) power law, which is defined as
where Σ eff is the pixel surface brightness at the effective radius r eff , and n is the Sérsić index. In this generalized form, an exponential disk profile has n = 1, a de Vaucouleurs (1948) profile has n = 4, and a Gaussian has n = 0.5 (which was used in Paper II to fit a bar component). While de Vaucouleurs (1948) profiles are traditionally and widely used to fit spheroidal components, recent studies show that spheroids can have Sérsic indices ranging between 0.5 and 6. Disk galaxies typically have a bulge component with n < 4, with classical bulges having n 2 and pseudobulges having n 2 (Fisher & Drory 2008) . Moreover, there seems to be a relation between the Sérsić index and the spheroid luminosity or host-galaxy luminosity (e.g., Kormendy & Bruzual 1978; Shaw & Gilmore 1989; Andredakis & Sanders 1994; Graham 2001; Peng et al. 2002; Nipoti et al. 2008; MacArthur et al. 2008 ). The objects we are fitting are complex in nature, in particular due to the presence of the AGN, a very luminous point source in the center for which a perfectly matching PSF fit cannot always be achieved. Thus, we cannot use a fit with the Sérsic index n as a free parameter, as it would add yet another free component to an already difficult fit and increase degeneracies between PSF, bulge, and disk. Such an approach could easily lead to an unphysical fit, if GALFIT is trying to fit any remaining PSF mismatch with such a component. In such a situation, an alternative approach to estimate the best fitting Sérsic exponent is to use a range of Sérsic indices, keep them fixed at each step and then obtain the best n from the resulting the χ 2 statistics. This approach is generally recommended when attempting galaxy decompositions of faint or difficult to model galaxies like AGN host galaxies (Peng et al. 2002; Kim et al. 2008) .
To test the systematic uncertainties in derived spheroid and PSF magnitude depending on the adopted Sérsic index, we re-ran our models using n = 0.5, 1, 2, 3, 4, 5 to fit the spheroid component. At each step, we kept n fixed to the chosen value but allowed all other parameters to vary, including the disk component. For those objects that were initially (i.e. when using n=4) fit by a spheroid component only, we carefully checked the residuals of the resulting best n fit for any evidence of an additional disk component. For only one source (1501) is the quality of the fit increased significantly by the addition of a disk component.
14 Note that using the best-fitting n instead of n=4 does not in general solve the problem of a a vanishingly small bulge component for some objects. For 11 of the 16 objects discussed in § 4.3, nothing changes. For five objects, the effective radius of the bulge component is no longer smaller than the FWHM of the PSF; however, for two different objects, the bulge component then becomes vanishingly small.
The results are shown in Fig. 10 , separating objects for which the host galaxy was fitted by a spheroid component only (left panel) and those for which the host was fitted by a spheroid plus disk component (right panel). While the overall trend is the same, fitting the host galaxy by two components results in a larger scatter because the disk magnitude can also vary. The results can be summarized as follows: Decreasing n from 4 to 3 (2, 1, 0.5) decreases the spheroid luminosity -on average by 0.08 (0.23, 0.41, 0.54) mag -and increases the nuclear luminosity -on average by -0.07 (-0.24, -0.37, -0.4) mag. Increasing n from 4 to 5 (6) on the other hand increases the spheroid luminosity on average by -0.07 (-0.13) mag and decreases the nuclear luminosity on average by 0.1 (0.22) mag. For all but the most extreme indices, potential systematics related to the choice of Sérsic index are small compared to the adopted uncertainty on the spheroid luminosity (0.5 mag) and on M BH (0.4 dex).
Another approach is to calculate the best Sérsic index we would expect based on the measured host-galaxy magnitude using the relation in Nipoti et al. (2008) , derived from surface-photometry of ACS images of the well-defined Virgo cluster sample (Ferrarese et al. 2006; Gallo et al. 2008) log n = (0.27 ± 0.02) log L sph,B L ⊙ − 9.27 + 0.4 ± 0.02 (B2)
For the 23 objects studied here, we estimate a Sérsic index ranging from ∼4.0 to 5.9, on average 4.9 ± 0.5. For the sample studied in Paper II, the Sérsic index ranges from ∼4 to 6.8, with an average of 5.5 ± 0.6. Within the errors, these values are in agreement with estimates using the relation between Sérsic index and bulge B-band magnitude for a local sample from Graham (2001) (their Figure 14 , middle panel). Note that in both cases, the estimated Sérsic index remains the same within the errors when using the host-galaxy luminosity (for n-L relation from Nipoti et al. 2008) or bulge luminosity (for n-L relation from Graham 2008) as derived from the best fit with a free Sérsic index instead of the one derived from n=4. As the relation between Sérsic index and host-galaxy magnitude has its own uncertainties and scatter, and as our average value is close to 4, we adopted the simpler solution of fixing n to 4 for all objects as our default choice. This also allows a better comparison with other AGN host-galaxy studies.
To ultimately probe the potential systematics related to the choice of Sérsic index, we performed the same analysis as for n=4, but this time using the best n derived from the procedure described above (i.e. as chosen based on the χ 2 statistics when performing a variety of fits with n fixed to 0.5, 1, 2, 3, 4, 5, 6) both for the intermediate-z and the local sample. The same approach was followed for the local sample of RM AGNs. None of the results stated in the paper change: The resulting fits, offsets, and predicted evolutionary trends remain the same within the errors. More precisely, for the evolution in M BH (M BH /L sph ∝(1 + z) β ), including selection effects, we obtain β = 1.3 ± 0.2 (instead of β = 1.4 ± 0.2 for n = 4) for the full sample with an intrinsic scatter <0.7 dex at 95% CL (0.4±0.1 dex for a uniform prior on σ int ) and β = 3.4 ± 1.2 (instead of β = 2.8 ± 1.2 for n = 4) for the intermediate sample alone, adopting again the prior by Gültekin et al. (2009) .
C. SURFACE PHOTOMETRY OF RM AGNs
For an homogeneous treatment of all data, we performed an independent analysis of the HST archival images presented in Bentz et al. (2009b) , using the same approach as for our distant Seyfert galaxies ( § 4). Details of the observations can be found in Bentz et al. (2009b) .
We disregarded the five objects observed with WFPC2/PC due to the low quality of the data, the PSF mismatch when using a synthetic PSF created by TinyTim and the lack of stellar PSFs on the images. These problems made it difficult to achieve satisfactory fits. The spheroid radius found with GALFIT was either in the lower limit of 2.5 pixels (=FWHM of PSF) -probably because it was fitting a PSF mismatch -or was unphysically large. Thus, we here focus on the ACS/HRC data alone.
From the remaining 30 objects imaged with ACS/HRC, we first excluded all NGC objects (8/30) which are nearby and extended and for which the field-of-view is too small to measure the sky background. Also, they are often affected by dust lanes. The latter is also the case for IC 4239A (plus an unreliable BH mass). For the same reasons, these objects were also excluded in the further analysis by . We decided to additionally exclude Fairall 9 due to a dust lane crossing the spheroid and PG0953+414 for which no reasonable fit could be achieved. Thus, our final robust sample consists of 19 objects.
We used the pipeline-processed data and combined them using multidrizzle, to remove cosmic rays and defects and correct for distortion. (Note that multidrizzle takes into account the saturated pixels of the longer exposures and combines the images accordingly.) As the data were not dithered, no improvement of sampling was achieved and the final scale is 0.025 arcsec/pixel (pixfrac=0.9). For these ACS/HRC data imaged in the F550M filter, the PSF created by TinyTim is not as good a match as it is for the NICMOS images. We therefore additionally created a PSF from a star observed in one of the images (Mrk 110) and performed extensive tests to compare their quality. As the TinyTim PSF typically gave a bad fit in the core, but the stellar PSF had too low S/N in the wings, we decided to combine both PSFs (the synthetic PSF for the wings, the stellar PSF in center out to r = 2 × FWHM), which significantly improved the quality of the fits. This PSF enabled us to fit the AGN with only one PSF without the need of corrections of PSF mismatch (e.g. by using an additional PSF as done by Bentz et al. (2009b) ). We used the same criteria as for our distant Seyfert sample to decide whether we need to fit an additional disk component (see § 4). For four objects, Bentz et al. (2009b) fitted both a spheroidal and disk component, while we decided that fitting a spheroidal component alone is sufficient. One object has a saturated PSF (PG1226+023) and we masked out the saturated center to fit the PSF to the wings only. For three objects (Ark 120, Mrk 279, and PG 1211+143), we out-masked the very center of the PSF and fitted the PSF to the wings only due to remaining PSF mismatch.
We compare the results in Fig. 11 . For this comparison, we add the different PSF components and the different spheroid components of Bentz et al. (2009b) to a "total" PSF magnitude and "total" spheroid magnitude, respectively. While the PSF and total magnitudes generally agree well, the spheroid magnitudes we derive are often brighter than in Bentz et al. (2009b) , especially in those cases where we fit a spheroid component only and not spheroid+disk as in Bentz et al. (2009b) (4 objects).
As for our intermediate redshift sample (see Appendix B), we also calculated the best Sérsic index we would expect based on the measured host-galaxy magnitude using the relation in Nipoti et al. (2008) . The average value of n=5.2 ± 1.6 is in agreement within the errors with the average n derived when using the relation between Sérsic index and bulge B-band magnitude from Graham (2001) . It also agrees well with the average n estimated for the intermediate-z sample, with a larger scatter due to the larger spread in luminosities. We carefully checked whether when using the best-fitting Sérsic index, there is the need of adding a disk component for those objects for which the host galaxy was originally fitted by a n=4 component only; we do not find such evidence in any of the objects. Fig. 1 .-Postage stamp NICMOS images of the 23 Seyfert-1 galaxies in the sample. The first 17 objects are at z = 0.36, the last six objects are at z = 0.57. A 4 arcsecond scalebar is shown in the upper left image, corresponding to ∼ 20 kpc at z=0.36 and 26 kpc at z=0.57, respectively. The label M or M/I marks objects that are apparently merging or interacting. Fig. 2 .-Surface-brightness profiles for all objects with a resolved spheroid component, measured from the data as well as from each component that was fitted. Note that the fits were performed in two dimensions using GALFIT, so this figure is for illustration purposes only, showing the relative contribution of each component as a function of radius. Some profiles show an early truncation which is an artifact of the elliptical isophote routine used to make the plots due to nearby objects. (For the measurements, these objects were fitted simultaneously using GALFIT.) [See the electronic edition of the Journal for a color version of this figure. ] Benson et al. (2007) for galaxies within 0.5 mag of the Seyfert total host-galaxy magnitude (black line). The red dashed line shows the upper limit on B/T we derived for the Seyfert galaxies from GALFIT. We use this upper limit to cut the distribution and to calculate a mean (blue line) and sigma of the remaining B/T values (red shaded area). The first 11 objects were imaged with NICMOS (ten at z=0.36, one at z=0.57) and the last 5 objects were studied in Paper II, but we include them here to estimate spheroid luminosities from upper limits. [See the electronic edition of the Journal for a color version of this figure. ] taken from Paper II; squares indicate objects for which the fitting procedure ran into the lower limit of the spheroid effective radius and we used priors to obtain a measure of the spheroid luminosity). Black circles correspond to the local RM sample (z ave ≃ 0.08) studied by Bentz et al. (2009a,b) and re-analyzed here, including the best fit (black solid line; see text and Table 4 for details). For all objects, the spheroid luminosity is evolved to z = 0 assuming pure luminosity evolution (see text for details). Note that no selection effects are included here. Intermediate-z objects with signatures of interaction or mergers (see Fig. 1 and Paper II) are indicated by a large open black circle. The dashed line shows the fiducial local relation for inactive galaxies (Marconi & Hunt 2003) , transformed to V-band (group 1 only; see text for details). Upper middle panel: The same as in the left panel, this time all z = 0.36 objects in blue. Green circles are the high-z AGN sample (average z ∼ 1.8) taken from Peng et al. (2006b) and treated in a comparable manner. We assume 0.4 dex as error on M BH , and 0.12 dex as error on luminosity (based on the error quoted by Peng et al. (2006b) of 0.3 mag). We mark those high-z objects for which the BH mass is based on the C IV line as green squares. (Fig. 5, upper middle panel) . The best fit to all data points (solid black line) of the form ∆ log M BH = γlog(1 + z) including intrinsic scatter in log M BH as a free parameter but ignoring selection effects is γ = 1.2 ± 0.2. (Note that the average data points for each sample are plotted only to guide the eye.) For comparison, we also overplot the selection-bias corrected evolution (M BH /L sph ∝ (1 + z)
1.4±0.2 ; dotted line) with the 1σ range as dashed lines. As in Fig. 5 , squares indicate objects for which the fitting procedure ran into the lower limit of the spheroid effective radius and we used priors to obtain a measure of the spheroid luminosity. Right panel: The same as in the left panel as a function of look-back time. Here, the symbol size corresponds to BH mass. Fig. 7. -Results of Monte Carlo simulations probing the effect of selection effects on the slope β of the relation ∆ log M BH = β log(1 + z) at fixed zero redshift spheroid luminosity corrected for evolution, and intrinsic scatter σ int of the M BH -L sph relation which is assumed to be non-evolving. Plotted are the 68% and 95% joint confidence contours. Left panel: Including both intermediate-z and high-z sample, without an assumed prior on σ int . Both β and σ int are well constrained (β = 1.4 ± 0.2; σ int = 0.3 ± 0.1). Middle panel:
The same as in the left panel, including the prior by Gültekin et al. (2009) (i.e. σ int = 0.38±0.09), resulting in the same β within the errors. Right panel: The same as in the middle panel, but for intermediate-z sample only. While our sample alone does not cover a large enough range in redshift, we find β=2.8±1.2 using the prior by Gültekin et al. (2009) on σ int . Fig. 8. -Results of GALFIT fits to simulated galaxies, consisting of PSF plus spheroid, with noise added in a Monte Carlo fashion, realizing 100 artificial images for each parameter combination. The difference between input AGN magnitude and derived AGN magnitude is shown (upper panels), the difference between input spheroid magnitude and derived spheroid magnitude (middle panel), and the difference between input and derived effective radius of the spheroid (lower panel). Each data point represents the average plus error of GALFIT fits to the 100 artificial images. Black data points correspond to fits where the PSF used to create the artificial image is identical with the one used for fitting. The other three colors correspond to a different PSF used for fitting which was taken from our PSF library to simulate PSF mismatch. The left figure shows results for a total host-galaxy magnitude of 18 mag, the right figure of 19 mag. The left panels within each figure correspond to an axis ratio of b/a = 0.5, the right panels to b/a = 0.1. In both figures, the input effective radius of the spheroid component is set to 4 pixels. Fig. 9 .-The same as in Fig. 8 for artificial images consisting of PSF plus spheroid plus exponential component. The difference between input disk magnitude and derived disk magnitude and the difference between input disk radius and derived disk radius is shown additionally in the two lower panels. In the left figure, the spheroid-to-disk ratio is 0.2 (and thus, the AGN-to-total luminosity f AGN plotted on the x-axis only assumes values of 0.1, 0.2, 0.5), in the right figure, the spheroid-to-disk ratio is 0.5 (with f AGN = 0.1, 0.2, 0.5, 0.8; see text for details). In both cases, the total host-galaxy magnitude is 18 mag and the effective radius of the spheroid is set to 3 pixels. While the PSF magnitude can be retrieved easily to within 0.2 mag, the difference in spheroid magnitude can be up to 0.5 mag in the worst case. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
